A binovular zona pellucida was found in two in-vitro fertilization (IVF) treatment cycles. In both cases, two oocytes of slightly unequal size were enclosed within a single zona pellucida, the larger oocyte appearing as a metaphase II oocyte while the smaller one as an immature oocyte with a germinal vesicle. Intracytoplasmic sperm injection performed in the mature oocyte of each pair led to normal fertilization and embryonic development in both cases. Results of genetic analysis performed by fluorescence in-situ hybridization in one of the two treatment cycles were consistent with a diploid chromosomal status of both the non-injected immature oocyte as well as the embryo which developed following the microinjection. These results indicate that, in this case, the binovular zona pellucida was most probably created when granulosa cells failed to separate two distinct oocytes during follicular formation. It may also imply that selective fertilization of a single mature oocyte in a binovular zona pellucida by intracytoplasmic sperm injection can lead to the development of a chromosomally balanced embryo and can prevent the undesired consequences that may result if the two oocytes are fertilized in the course of standard IVF.
Introduction
Histological studies revealed the presence of multiovular follicles in the ovaries of various mammalian species including humans. Although early reports described a more frequent presence of such follicles during neonatal and prepubertal development, later studies indicate their presence also in the ovaries of adult women (Papadaki, 1978; Gougeon, 1981) . The induction of multiple follicular growth in in-vitro fertilization (IVF) programmes would have been expected to increase the incidence of finding such abnormal follicles in the periovulatory stage (Fishel et al., 1989) . Indeed, Zeilmaker et al. (1983) reported for the first time the recovery of a binovular cumulus mass containing two oocytes, each surrounded by a separate zona pellucida. Subsequently, a few cases have been reported in which the aspiration of a single follicle following ovulation induction led to the recovery of two oocytes surrounded by a single zona pellucida (Ben-Rafael et al., 1987; Fishel et al., 1989; Ron-El et al., 1990) . The indication that a binovular follicle might be a source of a viable oocyte was demonstrated by the ability of one oocyte from such a pair to be fertilized by standard IVF and subsequently to develop into an embryo (Ben-Rafael et al., 1987; Ron-El et al., 1990) .
In this report, we describe two cases in which intracytoplasmic sperm injection (ICSI) was successfully applied for the selective fertilization of a mature oocyte from a binovular zona pellucida. In both cases, a morphologically normal embryo developed from the injected oocyte. In one case, we further report the results of fluorescence in-situ hybridization (FISH) analysis of the developing cleavage-stage embryo as well as the adjacent non-injected immature oocyte.
Materials and methods

Follicular stimulation and oocyte preparation
Two couples were admitted to our IVF clinic because of severe male factor infertility. The two women (aged 30 and 37) had regular menstrual cycles. In both cases, controlled ovarian hyperstimulation was induced by using a long protocol of gonadotrophin-releasing hormone agonist (D-TRP 6 -LHRH, Decapeptyl; Ferring, Kiel, Germany, in the first case, and nafareline acetate, Synarel; Syntex, Palo Alto, CA, USA, in the second case) (Benshushan et al., 1993) . Multiple follicular growth was induced by human menopausal gonadotrophin (Pergonal; Teva, Petach-Tikva, Israel), in the first case, and follicular stimulating hormone (Metrodine; Teva), in the second case. Human chorionic gonadotrophin (HCG, Chorigon; Teva), 10 000 units, was administered when at least two follicles had reached a diameter of 17 mm.
Oocyte retrieval was performed transvaginally under ultrasound guidance 34-36 h following the administration of HCG. Five oocytecumulus-corona complexes were recovered in the first cycle and nine were recovered in the second cycle. Oocytes were cultured in human tubal fluid medium (HTF; Irvine Scientific, CA, USA) containing 7.5% synthetic serum substitute (SSS; Irvine Scientific). Following a 2-hour incubation, the surrounding cumulus and corona cells were removed by using hyaluronidase (type IV-S, 60 IU/ml; Sigma, St. Louis, MO, USA) in HTF medium.
Sperm preparation
In the first couple, spermatozoa were obtained by masturbation and were prepared for ICSI according to Van Steirteghem et al. (1993) . The male of the second couple was diagnosed as suffering from nonobstructive azoospermia. Sperm cells were retrieved by testicular fine-needle aspiration and prepared for ICSI as previously described (Lewin et al., 1996) . Forty-eight hours post ICSI, the embryo further cleaved to four equally sized blastomeres, while the immature oocyte was undergoing GV breakdown. Original magnification ϫ400.
Intracytoplasmic sperm injection
ICSI was performed according to Van Steirteghem et al. (1993) with slight modifications. Briefly, the procedure was carried out on a heated stage of a Nikon Diaphot (Tokyo, Japan) inverted microscope. Just before the injection procedure, a drop containing 2 µl of sperm suspension was placed in the centre of the injection dish next to a drop containing 10% polyvinylpyrrolidone solution (PVP; Sigma) in HTF medium. The oocytes were placed in 5-µl droplets of medium surrounding the drops containing spermatozoa and PVP. HEPEScontaining HTF medium supplemented with 6% SSS was used in the injection droplets that were covered with pre-equilibrated light paraffin oil (Sigma). Following the ICSI procedure, the oocytes were incubated in HTF-7.5% SSS and fertilization was assessed 18 h later. Embryos were graded according to the homogeneity of the blastomeres and the degree of fragmentation.
Oocyte and embryo spreading
The cleavage-stage embryo and the adjacent non-injected immature oocyte both surrounded by a single zona pellucida were fixed in a small drop of spreading solution (0.01 N HCl, 0.1% Tween 20; Sigma) on a poly-L-lysine coated slide according to Coonen et al. (1994) . The slide was air dried and the location of the nuclei was marked with a diamond pencil. The slide was then washed in phosphate-buffered saline (PBS) for 5 min and dehydrated through an ethanol series.
Human DNA probes for FISH DNA probes for chromosomes Y, X and 18 directly labelled with blue, red and green (CEP ® Spectrum aqua, orange and green; Vysis, Naperville, IL, USA) fluorescence haptens, respectively, were used. The hybridization targets for the 18 and X probes were α-satellite repeat clusters in the centromeric region of these chromosomes. The Y probe was specific for satellite III DNA at the heterochromatic region of the long arm of the Y chromosome.
Fluorescence in-situ hybridization (FISH)
Our FISH protocol followed the guidelines of previous publications (Munné et al., 1993; Harper et al., 1994) with slight modifications. Slides were treated with pepsin (100 µg/ml) in 0.01 N HCl for 20 2576 min at 37°C, rinsed in double distilled water followed by PBS and fixed for 10 min in 1% paraformaldehyde at 4°C. Slides were then rinsed in PBS and twice in double distilled water followed by dehydration through an ethanol series. The hybridization mixture included 1 µl of each of the directly labelled CEP ® probes (40-50 ng/µl) and 7 µl of hybridization mix II solution (Vysis). It was applied to the slide under a 22ϫ22 mm coverslip and the slide was placed on a slide warmer at 80°C for 3 min. After sealing with rubber cement, hybridization was performed at 37°C in a dark moist chamber for 45 min. Post-hybridization washings included: 5 min in 50% formamide, 2 ϫ saline-sodium citrate buffer (SSC), pH 7.6, at 42°C; 5 min in 2 ϫ SSC, pH 7.0, at 42°C; 5 min in 2 ϫ SSC, NP-40 0.1%, pH 7, at 42°C; and 2 min in phosphate-buffered detergent (PBD) (Na 2 HPO 4 0.1 M, NaH 2 PO 4 0.1 M, NP-40 0.1%, pH 8.0) at room temperature. The slides were then counterstained with 4Ј,6-diamidino-2-phenylindole (DAPI) in antifade solution which was followed by signal analysis.
Fluorescence microscopy was performed with a Leitz Ploemopak microscope (Leica, Wetzlar, Germany). The nuclei which were counterstained by DAPI were located by using the appropriate single wavelength filter (Oncor, Gaithersburg, MD, USA). The three probes' signals were demonstrated by using a triple-band wavelength filter (Vysis). The scoring criteria described by Hopman et al. (1988) were followed for fluorescence signal interpretation.
Results
In both cycles, no unusual observation was recorded during oocyte retrieval. In the first case, following oocyte denudation, it was noticed that one of the five oocyte-cumulus-corona complexes was apparently two adjacent oocytes surrounded by one continuous intact and pear-shaped zona pellucida. These two oocytes were of slightly unequal size, the larger one being at metaphase II with an extruded polar body, while the smaller oocyte appeared immature with a germinal vesicle (GV). ICSI was performed in the mature oocyte of the pair, holding the other oocyte in a position which did not interfere with the injection procedure. Eighteen hours later, the injected mature oocyte of the pair appeared to be normally fertilized as evidenced by the presence of two pronuclei, while the noninjected oocyte remained in the GV stage ( Figure 1a) . A second evaluation performed 48 h after the injection revealed that the fertilized oocyte of the pair developed into a 4-cell, grade-A embryo, while the second oocyte was undergoing GV breakdown ( Figure 1b) . Seventy-two hours post ICSI, the embryo further cleaved to seven equally sized blastomeres with no fragmentation, while the unfertilized oocyte showed signs of degeneration with the appearance of vacuoles in the cytoplasm. The other four oocytes of this patient were all mature at metaphase II. Following ICSI, normal fertilization was observed in three oocytes which further cleaved, 48 h after ICSI, to A-and B-grade embryos, comprising three to four blastomeres each. These three embryos were transferred yielding a successful twin pregnancy which resulted in the delivery of two healthy girls.
In the second cycle, nine oocyte-cumulus-corona complexes were recovered. Upon denudation, a binovular zona pellucida was revealed. In this case as well, the two oocytes were surrounded by one continuous zona pellucida and were of slightly unequal size. The large oocyte was at metaphase II, while the smaller one was at the GV stage. ICSI was performed in the mature oocyte of the pair. As in the first case, normal fertilization was detected 18 h after injection in the mature injected oocyte, while the second oocyte remained in the GV stage. A second evaluation performed 24 h later revealed that the fertilized oocyte of the pair developed into a 4-cell, grade-B embryo, while the immature oocyte remained in the GV stage. The cleavage-stage embryo and the adjacent non-injected immature oocyte were fixed. Following spreading, three blastomeres' nuclei and the germinal vesicle were available for FISH analysis, while an additional nucleus remained entrapped in the remnants of the zona pellucida. FISH analysis of chromosomes X, Y and 18 demonstrated that the blastomeres' nuclei as well as the germinal vesicle were all disomic for chromosomes X (Figure 2a,b) and 18 (not shown). Of the other eight oocytes from this case, seven were mature oocytes, while one was at metaphase I. Following ICSI of the mature 2577 oocytes, normal fertilization was detected in three oocytes which further developed on day 2 into 4-cell, grade-A-B embryos. The transfer of these three embryos led to the establishment of a singleton pregnancy which resulted in the delivery of a healthy boy.
Discussion
Histological analysis of the human ovary has revealed the phenomenon of polyovular follicles. The frequency of their appearance is probably higher in the immature ovary, the majority of such follicles being lost due to atresia in late fetal and early neonatal life (Papadaki, 1978; Gougeon, 1981) . The incidence of polyovular follicles in adult females as described by different authors varies considerably both in non-stimulated (Sherer, 1977; Gougeon, 1981) , as well as stimulated (Dandeker et al., 1988; Ron-El et al., 1990) cycles. It was, however, suggested that gonadotrophic hormones may increase the frequency of their appearance (Fishel et al., 1989) .
Several explanations were suggested for the occurrence of two or more oocytes within a single zona pellucida. One possible mechanism is that the oocytes lying in close proximity in the ovary during follicular formation fail to be separated by connective tissue (Zeilmaker et al., 1983 ). An alternative hypothesis is that the two apparent oocytes are actually the result of an abnormal meiotic division generating an enlarged first polar body (Ben-Rafael et al., 1987) . In the study by Van de Leur and Zeilmaker (1990) , another possibility was suggested for the appearance of two cells within a single zona pellucida. Parthenogenetic activation may induce immediate cleavage which occurs after the first meiotic division and leads to the formation of two haploid products.
The first hypothesis suggesting the failure of two oocytes to be separated by connective tissue within the ovary is supported by the report of Zeilmaker et al. (1983) on the recovery of a single cumulus mass containing two oocytes, each surrounded by a separate zona pellucida. It is important to note that the two oocytes in this case were equal in size, were both fertilized upon insemination and both further cleaved.
In line with this hypothesis, it is also possible that oocytes that are more closely apposed during follicular formation may fail to be separated by granulosa cells and the zona pellucida becomes a continuous layer that surrounds both oocytes. BenRafael et al. (1987) were the first to report such observation of two oocytes within a single zona pellucida. In this report, both oocytes were of equal size which was in the size range of a mature oocyte. In two other reports, however, the two oocytes contained within a single zona pellucida were of slightly different sizes (Fishel et al., 1989; Ron-El et al., 1990) , the smaller oocytes being at the GV stage, while the slightly larger oocytes being either at metaphase II or at prophase I. The fact that, in all three reports, the two oocytes were either equal in size or slightly unequal makes it less likely that an improper division during the first meiosis, producing an elongated abnormal first polar body, accounts for the presence of two such cells. It is more likely that these are indeed two oocytes that failed to be separated during folliculogenesis. The morphological characteristics in both cases of binovular zona pellucida in our report were also in favour of this hypothesis. The two cells in each of our cases were slightly unequal in size, the larger cell appearing as a metaphase II oocyte while the smaller one as an oocyte at the GV stage.
To confirm this morphologically based impression we have performed in the second case a cytogenetic analysis by FISH. We have chosen to conduct the analysis after fertilization and cleavage of the assumed mature oocyte and not before fertilization, in order to be able to analyse the chromosomal status of both the smaller oocyte as well as that of the embryo obtained. FISH results of the nucleus from the smaller cell indicated a chromosome X and 18 disomy and therefore were consistent with a diploid germinal vesicle. This result rules out the possibility of the two cells being the products of immediate cleavage (Van de Leur and Zeilmaker, 1990) leading to the formation of two haploid cells. FISH analysis of the embryo obtained following microinjection was consistent with a diploid female and therefore suggested that the larger cell was indeed a chromosomally balanced metaphase II mature oocyte. In addition, these results demonstrated for the first time that a chromosomally balanced embryo may be obtained following sperm injection into a mature oocyte of a binovular zona pellucida.
Fertilization and subsequent cleavage have been previously reported following standard IVF in one or two oocytes of a binovular zona pellucida. It seems, however, justified to consider the possible consequences of such embryonic development. It has been suggested that binovular complexes may lead to the development of dizygotic twins due to the fertilization of both oocytes (Zeilmaker et al., 1983) . The fact that the incidence of such twins increases with maternal age, while the incidence of binovular complexes decreases with age (Sherer et al., 1997) , implies that binovular complexes are not responsible for the majority of such twins. It has also been suggested that, if both oocytes had been successfully fertilized by two different sperm cells and normal development had been initiated, the two conceptuses could aggregate to form a diploid-triploid mosaic embryo (Fishel et al., 1988) . This 2578 undesired consequence can be avoided by selective fertilization of only one of the two oocytes using ICSI, as was demonstrated in this report.
In conclusion, the results of this report indicate that, at least in some cases, a binovular zona pellucida is probably created when granulosa cells fail to separate two distinct oocytes during the early stages of follicular formation. When such a binovular zona pellucida is found within a limited cohort of oocytes and therefore its fertilization is attempted, we have shown that selective fertilization of a single mature oocyte by ICSI may lead to the development of a chromosomally balanced embryo. In addition, this selective fertilization approach may also avoid the potential hazards of embryo aggregation which may occur when both oocytes are fertilized in the course of standard IVF.
